We analyze the determinants of opposition to biotechnology and pharmaceutical patents granted by the European Patent Office (EPO) between 1978 and 1996. Opposition at the EPO is the most important mechanism by which the validity of a European patent can be challenged. In our sample, 8.6 percent of the patents are attacked in opposition proceedings. We show empirically that the likelihood of opposition increases with patent value, and that opposition is particularly frequent in areas with strong patenting activity and with high technical or market uncertainty. We comment on the implications of these results for the design of the patent and litigation system.
INTRODUCTION
Intellectual property rights constitute an important aspect of public policies trying to enhance the incentives for innovation. Patent systems frequently form the core of such policies, and appropriately, they have found considerable attention in the industrial economics literature on innovation.
1 Yet, among others two important aspects of patent rights still require considerable attention. First, patents endow their holders with passive rights. A patent holder may have to undertake substantial efforts to defend his patent against either a validity challenge or against infringement of the patent right. The efficacy of the legal mechanisms by which patents can be defended may have considerable impact on R&D and innovation incentives. Even the most comprehensive patent system cannot work well if the rights allocated to patent holders cannot be enforced or defended in court, or if the enforcement or defense is too costly. Second, some attacks on the validity of patents should clearly succeed. The patent system itself is not a flawless mechanism. Just as legal decisions in courts may be subject to erroneous decision-making, some decisions made by the staff of patent offices may be flawed. For example, some evidence on prior art may in principle be available and relevant for the examination of the patent's degree of novelty.
But a relevant document may have been overlooked or have been out of the immediate reach of the examiner. The information may surface only after the patent has been granted. Other errors may occur in the translation processes at supranational institutions, yielding patent rights that have an unintentionally broad scope. The examination of patent rights can be interpreted as a process in which the breadth and scope of the patent right is carefully designed to achieve an optimal tradeoff between R&D incentives and losses of static welfare due to the exclusion of competitors.
Therefore, errors in the examination of patent applications can have serious welfare consequences.
The post-grant opposition mechanism at the European Patent Office is of interest with respect to both questions. Though substantially different from related U.S. legal mechanisms by procedural standards 2 , the effects of an opposition resemble those of a centralized "validity suit" at the European level where opponents may argue that a patent granted by the EPO should be either revoked or amended. The opposition process can be initiated by any third party. Consequently, the process allows opponents to threaten the position of a patent holder and may therefore undermine R&D incentives. At the same time, since it is frequently initiated by competitors of the patent holder, the opponents may be able to generate information about the appropriate specification of 1 For recent theoretical contributions to the analysis of patent systems see Merges and Nelson (1990) and Scotchmer (1991 Scotchmer ( , 1996 . A survey of patents as economic indicators is provided by Griliches (1990) . 2 An opposition proceeding does not exist in the U.S. juridical system where challenges to the validity of a patent are dealt with in civil courts. Since the costs of such suits are much higher than those for opposition, validity suits in the U.S. are far less frequent than opposition cases at the EPO. See Lanjouw and Schankerman (2001) for estimates of the frequency of validity suits in the U.S.. See section 2.4 of this paper for a comprehensive description of the European opposition procedure.
the patent which has not been available to the patent office's examiner and in this way enable the correction of erroneous granting decisions.
From an industrial economist's perspective, the European opposition procedure is a central legal institution affecting the economic efficiency and efficacy of the European Patent Convention (EPC) -the supranational European patent law under which more than 1.3 million international patents have been applied for between 1978 and 2001, thus qualifying as the most important patent jurisdiction in Europe. Consequently, knowledge about EPO oppositions is crucial to determine the optimal trade-off between setting ex ante incentives for innovation and allowing for ex post corrections of erroneously specified patent rights in one of the world's most important high technology industrial clusters.
However, despite its obvious importance -on average, 8.2 percent of the patents granted by the EPO are subject to opposition 3 -the economics of this institution are virtually unknown, and there have been no studies analyzing it in detail. To the best of our knowledge, this paper is the first study to put forth an econometric study of the determinants of opposition at the European Patent
Office. 4 Due to the similarity in the effects of European oppositions and US validity suits we therefore see this paper as a counterpart to recent U.S. studies which have focused on patent litigation. 5 Due to the distinctive features of the two legal institutions the results of the latter studies cannot easily be transferred to the European context, since legal mechanisms and institutions differ considerably. Thus, there is a double motivation for undertaking a study the European institutions, and in particular of the opposition procedure.
But an analysis of post-grant opposition is not only relevant in the context of European patent law -the institution per se is of some interest for policy-makers in other jurisdictions, since it may offer a relatively efficient solution to a number of problems. Uncertainty about the validity and scope of patent rights can have considerable negative implications. Firms may delay investments if they expect another firm to enter a market under patent protection. But the patent holder himself may also delay the exploitation of a patent if the extent of legal protection against imitators is unclear. Moreover, in the case of objectively erroneous decisions by a patent office, a fast and 3 This is computed from the number of opposition cases filed against patent grants of applications filed between 1978 and 1992. For data sources, see section 4 of the paper. Van der Drift (1989) is the only earlier study we are aware of in which opposition data are used to classify patents according to their importance. But the determinants leading to opposition are not studied in that paper. The role of opposition as a predictor of patent value is emphasized in Harhoff, Scherer and Vopel (2003) . Their study shows that patents that survived opposition are on average ten times more valuable than comparable patents which were not attacked, but they do not analyze which patents are selected for opposition.
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See Lanjouw and Schankerman (2001) for an exploration of the determinants of patent litigation in the U.S., and Lanjouw and Lerner (1998) for a survey of the empirical literature.
inexpensive resolution of the legal disputes could improve economic welfare. 6 Merges (1999) has recently argued that an inclusion of post-grant opposition may improve the efficiency of the U.S. patent system. He explicitly refers to the recent onslaught of patent grants protecting business models and software in the U.S. The re-examination procedure in the U.S. patent system does not appear to be an attractive early-stage litigation mechanism, and litigation in U.S. courts is costly and time-consuming. To correct possible errors made by the patent office relatively soon after the patent has been granted, Merges (1999) therefore suggests to introduce a post-grant system similar to the one present in Europe and a number of individual European countries, such as Germany.
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This public policy interest demonstrates that an economic analysis of the opposition mechanism is urgently needed.
The remainder of the paper is structured in five sections. We first discuss the institutional elements of the European Patent Office and its associated procedures. The institutional information provided in section 2 forms the background of our theoretical discussion in the subsequent section 3 in which we develop our hypotheses. Section 4 discusses data sources and the computation of key variables. In section 5, we first consider a number of descriptive statistics before setting up and estimating multivariate probit equations for the incidence of opposition in the sample studied here.
In the subsequent discussion, we compare our theoretical expectations and the probit results.
Section 6 discusses some limitations of our analysis and the implications and possible extensions of this research.
Patent Systems in Europe
National legal systems in Europe display considerable heterogeneity, which is a reflection of the diverse legal traditions. However, in the area of legal frameworks for patents, harmonization of legal institutions has had a long tradition. The advantages of a common European patent law were already acknowledged during the 19th century. Since then there has been a continuous effort to align the different forms of national patent legislation in Europe. Such processes of legal alignment in Europe are translated into action on a contractual basis. Thus, the national jurisdictions of the sovereign member states are not abolished and continue to exist in parallel to the new supranational contracts. Obviously, any institution that can correct errors may also be capable of introducing new ones. Moreover, the institution itself may introduce uncertainty for the participating actors. It will be very important to study if the opposition mechanism can be employed strategically, e.g., by financially strong firms which want to deter entrants from exploiting their patent rights.
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Other countries which have incorporated some type of opposition mechanism in their national patent code include Australia, China, Japan, South Korea, and New Zealand. Most of these mechanisms are post-grant opposition proceedings.
It is for the same reason that Europe has reached a remarkable consensus on the patent filing and granting process, reflected in a widespread use of supranational filing and granting mechanisms. At the same time, with regard to patent litigation before courts, there remains legal heterogeneity of Europe. The opposition procedure at the European Patent Office, however, can to some extent be regarded as a centralized "first-instance challenge suit" for EPO-granted patents and can thus in part be compared to patent validity suits in U.S. civil courts. In the following we try to set out important details of European patent legislation in a very condensed form. 
Historical Aspects

The Application and Examination Process
European patents are granted for inventions which are novel, mark an inventive step, are commercially applicable, and are not excluded from patentability for other reasons. After the filing of the application, a search report is provided by the EPO and made available to the applicant. The search report is generated by EPO staff in the The Hague office and then transferred to the examining staff in the Munich office. It describes the state of the art regarded as relevant according to EPO guidelines for the patentability of the invention. In particular, the examination report lists and classifies references to earlier patents or to documents in the nonpatent literature according to the guidelines for substantive examination issued by the World Intellectual Property Organisation (WIPO). So-called "A references" simply describe the state of the art without posing a threat to the Intellectual Property Rights (TRIPS). However, since these two treaties are global treaties rather than inter-European agreements, they will not be discussed in detail in this paper. 10 See the European Patent Office Annual Report 1999, Table 7 .6. The application and grant figures include so-called Euro-PCT applications. 11 As in other patent systems, the official patent office fees are a relatively small part of the costs (in this case €4,300). Professional representation before the EPO amounts to €5,500 on average, while translation into the languages of eight contracting states requires €11,500. Renewal fees for a patent maintained for ten years amount to roughly €8,500. See "Cost of an average European patent as at 1.7.99", http://www.european-patent-office.org/epo/new/kosten_e.pdf (Jan. 14, 2002) .
novelty claims in the application. Other classes of references (Y and X) are potentially harmful to the novelty claim and may therefore signal to the applicant (and to outsiders once the research report is published) that the patent application is weak. Category X is applicable when a referenced document is such that even when taken alone, a claimed invention could possibly not be considered novel or could not be considered to involve an inventive step. Category Y is applicable when a referenced document is such that a claimed invention could possibly not be considered to involve an inventive step when the document is combined with one or more other documents of the same category, such combination being obvious to a person skilled in the art. Documents are classified by the EPO staff members in The Hague who prepare the search report. The classifications therefore have pre-examinatory status, i.e., they are re-evaluated during the material examination in Munich. As we will argue later, a patent grant emerging from an application with a large number of X references may attract the attention of possible opponents.
Eighteen months after the priority date the patent application will be published. At this point, the application will normally still be under examination; thus, the patent owner will already reveal some information prior to the grant of the patent. Moreover, the content of the application is revealed even if no patent is ever issued. If engaged with the examination, the EPO will present an examination report. Once the applicant and EPO have reached a consensus on the version of the application to be granted, the patent is centrally granted for all the designated states and then translated into the respective languages. If no such agreement is reached and if the EPO declines to grant a patent, the applicant may turn to the appeals proceeding in which the reasons for the refusal to grant a patent right are reconsidered. 12 After the grant, the European patent becomes a "bundle" of national patent rights. On average, the granting process for a European patent takes about 4.2 years from the date of filing the application.
The Opposition Procedure
Once the European patent is granted, its national successors are treated like "normal" national patents that can be attacked by third parties through legal means allowed for by the respective national legislation. If the patent is invalidated in one country, this outcome does not affect its validity in the other countries in which it is valid. Up to nine months after the granting date, however, third parties can attack the European patent centrally at the European Patent Office by filing their opposition against the granting decision. As with the granting decision, the outcome of the opposition procedure is binding for all designated states. The opposition procedure is thus the only centralized opportunity to challenge the validity of European patents. After the expiration of nine months subsequent to the grant, a competitor will have to attack the succeeding national patents of the European patent in each jurisdiction, separately facing multiple litigation costs.
Opposition to a European patent is filed with the EPO. The opponent has to substantiate his opposition by presenting evidence that the prerequisites for patentability were not fulfilled, e.g., he
has to show that the invention lacked novelty, and/or an inventive step, or that the disclosure was poor or insufficient. The opposition is formally admitted by the EPO where an opposition division decides on the case. At the end of the opposition procedure the chamber may uphold the patent without amendments, or it may amend 13 or even revoke 14 the patent. Patents are revoked in about one-third of all cases. 15 The decision affects all of the "designated states," i.e., the states for which the patent applicant sought to obtain a patent.
A further interesting aspect of the opposition procedure that distinguishes it from an "ordinary" litigation before civil courts concerns the possibility of settlement between the litigating parties.
Once an opposition is filed, the EPO may continue to decide on the case even if the opponent no longer actively pursues opposition. Thus, opponent and patent holder may not be free to settle their case outside of the EPO opposition process once the opposition is filed.
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Both the patent holder(s) and the opponent(s) may file an appeal against the outcome of opposition procedures. The appeal has to be filed within two months after the receipt of the decision of the opposition division, and it has to be substantiated within an additional two months. The Board of Appeal is the final instance at the EPO to decide on the validity of the contested European patent.
The official fee for filing an opposition is €613; for filing an appeal against the outcome of opposition, the fee is €1022. But the total costs to an opponent or the patent holder are much higher. Estimates by patent attorneys range between €15,000 and €25,000 for an opposition case (for each party). Approximately the same amount would be due for an appeal against the outcome of the opposition proceedings.
Figure 2 displays the rate of opposition for the time period from 1980 to 1998. 17 We plot here the number of opposed patent grants divided by the total number of patents granted in a particular 13 An amendment normally results in a reduction of the "breadth" of the patent by altering the claims which define the area for which exclusive rights are sought. See Straus (1996) for a detailed discussion of the legal status of the patent rights during this process. 14 On average, the opposition procedure takes around 2.2 years if the patent is revoked and about 4 years if the patent is amended. 15 See EPO (1999), p. 17 and Merges (1999) , pp. 612-614. For the sample used here, we present estimates of the revocation and amendment rates in section 4.1 of the paper. 16 EPO may, but will not necessarily pursue the opposition procedure after the opponent's withdrawal from his attack. 17 Since opposition must be filed within nine months after a patent is granted, the application cohorts from 1978 to 1996 were attacked by opposition cases dated between roughly 1980 and 1998. The lag corresponds to the examination period between application and grant.
year. Leaving aside the early period after the EPO commenced operations, the rate of opposition has intially been on the order of 8 percent. It has declined to about 6.5 percent over time, but it is still extremely high in comparison to the likelihood of patent litigation in the U.S. 18 The discrepancies between the U.S. and EPO figures may mainly be driven by cost differences.
National Litigation
In cases of unsuccessful opposition and appeal against commercially valuable patents, third parties may try to attack the national successors of the European patent in the designated states. As of today, this option is not touched by the harmonisation of the European patent laws. Thus, from a purely procedural standpoint, unsuccessful opponents at the EPO can theoretically initiate independent and unprejudiced subsequent national challenge suits in all designated states and try to exploit their "second chances" of attacking the patent holder. However, national authorities can refer to the material arguments brought forth during former trials; thus, the probability of winning a national trial after having lost at the European level may well be reduced if the arguments brought forth during the opposition procedure are also admitted during the subsequent suit at the national level. This, in turn, re-emphasizes the importance of the EPC opposition as the central "European validity suit". Another argument re-stating the importance of the EPC opposition procedure arises from the difference in national patent jurisdictions. For the opponent it is difficult to achieve economies of scale, thus making it very expensive to attack the national successor patents in all of the designated states. The costs for litigation in any one of the national courts have been estimated to be between €50,000 and €500,000, depending on the complexity of the case.
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This cost structure makes an attack at the European level via the opposition procedure particularly attractive for a potential competitor of the patent holder.
A study of the relationship between validity suits in civil courts and opposition would be of some interest, since the outcomes of opposition may impact the incidence and outcomes of civil court proceedings. However, given the heterogeneous legal frameworks and the lack of appropriate data in Europe, such a study is beyond the scope of this paper. Moreover, in the case of patents that are revoked in the opposition procedure, there can be no subsequent validity challenge in civil courts.
Since opposition is the first and -in terms of frequency -dominating procedure
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, we focus on 18 Note that the term "patent litigation" is often used to refer to either validity challenges or patent infringement suits. Lanjouw and Schankerman (2001) estimate the incidence of validity challenges to be at 1.05 percent of all patent grants in the drugs and health field (which in their case includes cosmetics). See Lanjouw and Schankerman (2001 , Table 1 ). They point out that many of the US challenge suits against patents arise as a consequence of infringement suits, since the defendant usually seeks to assert that that the infringed patent had no validity in the first place. 19 See the contributions in Ropski (1995) for some rough estimates of costs and a qualitative comparison of patent litigation procedures in various countries. 20 For the case of validity challenges in Germany we have access to some data. Contrary to other countries in which validity suits are decided in civil courts, the German legal system separates questions of validity determinants that lead to validity challenges using this mechanism.
3 Theoretical Aspects -The Selection of Opposition Cases
A Simple Theoretical Model
In order to derive our hypotheses in a systematic manner, we briefly introduce a simple formal model of opposition which is based on the classical study by Priest and Klein (1984) . 21 To simplify matters, we consider a world in which parties make imprecise assessments of case quality and decision standards, but where information is distributed symmetrically. 22 The opponent and the patent-holder may have diverging subjective assessments of the outcome of the case, but the value of the patent (i.e., the profits in the duopoly or monopoly case) are given. To qualify for opposition, any case must satisfy the condition that the expected value for the opponent will dominate the expected cost of opposition. In other words, we rule out that the opponent "bluffs"
and threatens to oppose in circumstances under which the true expected benefit from opposition is lower than the cost. 23 If the 'suit' is feasible, then the parties may still be settled prior to the expiration of the opposition period, i.e. within nine months after the patent has been granted. We develop these two conditions in the context of a simple model and then discuss some of the comparative statics in a stylized manner.
In the case of opposition proceedings, it is important to recall one distinct institutional feature.
Once filed, the European Patent Office can pursue an opposition case even if the parties involved have achieved some kind of understanding. Suppose that the case has been filed, but the opponent has withdrawn after obtaining a license from the patent holder. Such a settlement would be attractive, since both firms will now enjoy patent protection (even if the patent has been assigned and of infringement. While the latter are decided by specialized civil courts, the former are delegated to the German Patent Court. Harhoff, Scherer and Vopel (2003, Table 3 ) document that out of the 57,782 patent applications with priority year 1977 at the German Patent Office, 24,116 patents were initially granted. Of these, 2,036 were opposed, but only 73 patents were subsequently subject to an annulment suit. We have also obtained data from the German Patent Court which show that between 1978 and end of 2000, only 421 patents granted by the European Patent Office were attacked in the German validity (annulment) proceedings. This figure compares to 25,988 opposition cases against patents in which Germany was named as a designated country. The comparison of these figures demonstrates (for the case of Germany) the overwhelming importance of the opposition procedure as compared to the national validity challenge. We would like to thank Thomas Baumgärtner, Judge at the German Patent Court, for making these data available. 21 Lanjouw and Lerner (1998) use the Priest and Klein model to interpret conditions under which infringement cases will be brought to trial. 22 In Waldfogel's terminology, this is the case of divergent expectations (DE) which he carefully distinguishes from the case of asymmetric information (AI). Since we cannot distinguish among the different theories in our data, we do not present the arguments in detail. See Waldfogel (2000) for an empirical test the results of which favor the DE hypothesis. 23 Frivolous suits are possible under asymmetric information (Bebchuck 1984) which we consider below. erroneously or if it grants too much scope to the owner and licensees). The European Patent Office may nonetheless pursue the case and subsequently revoke the patent. We would therefore assume that settlement negotiations tend to take place mostly prior to the filing of the opposition (if at all).
Thus the following considerations are based on the assumption that once an opposition is filed, it is also tried. Settlement may take place, but it would occur prior to filing the case. 24 Thus unlike the case of ordinary litigation, where we observe the filing of suits even if they are settled before trial, we do not observe opposition cases that "settle."
We distinguish two cases. Our first case is one in which successful opposition to a patent grant transforms a monopoly to a duopoly. Suppose that a patent has been granted to one firm and the patent would allow the firm to earn monopoly profits M Π . Another firm considers the benefits and costs from filing an opposition and letting it go to trial versus settlement of the dispute. We assume in a somewhat simplifying manner that the trial can only have two outcomes -the rejection of the opposition or the revocation of the patent right. Should the opponent prevail in having the patent revoked, both firms will be able to earn duopoly profits D Π in the market. 25 If the opposition is rejected, the attacker will receive zero profits. Note first that the case will only qualify for
( 1) where O p is the likelihood of successful opposition as perceived by the opponent, and the opponent's total cost of opposition proceedings is given by O c , which for the moment, we treat as exogenously given. Cases that qualify for opposition may either be settled or tried. For our discussion of a pre-trial settlement solution, the threat point of the opponent is given by
The threat point for the patent holder is given by its expected value from trial ( )
where P p is the likelihood of successful opposition as subjectively perceived by the patent holder.
The cost of opposition proceedings (including attorneys' and patent office fees) is given by P c .
The differences in the subjective probabilities simply reflect diverging expectations -both parties may assess the quality of their case and the decision standard with some error, but neither party has any privileged information. The trial value of the game is given by the sum of the threat points.
The cooperative value of the game is the industry profit in case of settlement net of total settlement costs S, i.e., S S − Π . We treat the profit level in the case of cooperation separately here, since it may exceed the industry profits of a duopoly if some collusive elements are present in the licensing or side-payment setup chosen by the firms. Hence, we assume that
will not occur (i.e., opposition will occur) if the trial value exceeds the cooperative value of the game. This comparison yields the inequality (
The first term captures how attractive the monopoly position is as compared to the duopoly case from the patent-holder's perspective. The higher the wedge between monopoly and industry duopoly profits, the less likely the patent holder is to settle, in particular if he perceives the likelihood of successful opposition to be low. Ceteris paribus, we would expect this difference to grow with the level of monopoly or duopoly profits. The second term captures the effects of diverging expectations of case quality and decision standards. If the opponent is optimistic (i.e., if his subjective probability of winning is higher than the patent holder's assessment), then litigation will again become more likely, especially if the level of duopoly profits is high. The third term captures the cost disadvantage (or advantage) of the settlement solution -high trial costs will make settlement more likely, high settlement costs will drive the parties to a trial solution, ceteris paribus. One would usually assume that settlement is less costly than a trial. In the case of opposition against patent grants, this conclusion is not necessarily warranted. First, the costs of conducting the trial are born by the European Patent Office. The two parties involved have to take into account a fee for filing opposition and attorney costs. Since the filing fee is minor 26 and since settlement negotiations would also be conducted by attorneys, settlement may actually be more expensive to the parties than the trial. Finally, the term on the right-hand side of the inequality captures the effect of a cooperative solution. The higher the settlement profit is in comparison to the duopoly solution, the more likely settlement will be. This term will be zero if cartel authorities do not allow firms to enter arrangements that leave them more than the duopoly profits.
Now we consider another case in which successful opposition actually functions to maintain a monopoly. Suppose that a firm has received a patent that allows it to enter an industry dominated 26 See section 2.4 for details.
by an incumbent. The entrant's patent may, for example, protect a technology that neutralizes the former technological lead of the incumbent. In this case the incumbent may oppose the patent right, since it threatens the existing monopoly. The threat point of the ex ante monopolist (the opponent) is given by
while the entrant views
as her threat point. The condition for an opposition case to be filed and tried is then given by
As a comparison of (4) and (7) show, ex ante asymmetries in the market positions may affect incentives to file an opposition case. Hence, a structural approach to estimation would also necessitate a careful operationalization of the market conditions. For our reduced form estimation, however, the conclusions for the two cases are similar. As the stakes increase and as the cost advantage of settlement decreases, opposition is more likely to occur. And the higher the opponent's anticipated probability of winning the case and the lower the patent holder's anticipated probability of losing the case, the more likely opposition will be.
We demonstrate the first point graphically for the first case in which the opponent can gain a duopoly position if the opposition case is successful. In Figure 3 , we consider a profit-probability space und characterize parameter regions in which opposition would occur. To simplify matters, let us assume for now that diverging expectations are not present. Hence, in equation (4) the second term would vanish. We also assume for the moment that the settlement solution duplicates the duopoly solution, i.e., antitrust authorities can prevent firms from engaging in collusive licensing agreements. Hence, the right-hand side term in equation (4) is zero. Furthermore, let the monopoly
where α>0 measures the attractiveness of the monopoly position as compared to the industry profit in a duopoly. Equation (4) implies that for opposition to occur we need
Moreover, recall that for opposition to be feasible in a world without bluffs, we have to have
In Figure 3 , we plot parameter combinations of p and D Π that satisfy these conditions. As can be seen from this figure, higher settlement costs S S > make opposition more likely, since the locus of equation (8) These simple considerations neglect the possibility of asymmetric information. In the model developed by Bebchuk (1984) , the defendant knows the probability of winning while the plaintiff only knows the distribution of that probability. The less well-informed plaintiff makes a take-it or leave-it settlement offer which in some cases turn out to be unacceptable to the better-informed defendant. These offers will therefore be rejected and a trial ensues. Thus, the likelihood of trial versus settlement should increase as the extent of informational asymmetries grows. Similar conclusions emerge from other models with asymmetric information between plaintiff and defendant. 27 We do not specify these models in detail, but simply take from them the prediction that as information is distributed more asymmetrically, the likelihood of an opposition case increases.
Hypotheses and Choice of Industry
While there is no single model that captures all possible situations in which opposition cases may occur, some conclusions can be drawn from the above and the literature. In particular, we would predict that the likelihood of observing opposition increases as 1. expectations increasingly diverge; 2. information is distributed more asymmetrically;
3. the stakes increase, i.e., as the level of profits rises;
4. the costs of trial (opposition proceedings) decrease in comparison to the costs of settlement.
We do not offer a structural test of these predictions here, since that would require considerably more detailed data than were available for this paper. However, a reduced-form test of some of the predictions is feasible. To perform such a test, we first need to select a group of patents that is suitable and then identify variables that can serve as observables approximations for the variables implicit in the theoretical models.
27 See, for example, Png (1983) . Waldfogel (1998) provides an empirical test of the diverging predictions of AI (asymmetric information) and DE (diverging expectations) models.
As to our choice of industry, we need to select an area in which patents perform the function that is implicit in our theoretical model-i.e., where patent protection potentially endows the patent holder with a monopoly position and where there are no alternatives to patenting, e.g. in the form of trade secrets. 28 Both in pharmaceuticals and biotechnology, patenting is usually the conclusion of a timeand resource-consuming R&D process, hence, much attention is paid to finding the most effective means of earning a return on these expenditures. The field of pharmaceuticals is the one with the strongest effect of patent protection and relatively low relevance of trade secrets (Levin et al. 1987 , Cohen et al. 2000 . As these studies show, in a large number of other sectors, patents can be "invented around" and do not convey strong protection. Our choice also reduces the likelihood that patenting is merely a strategic process in which firms seek to generate patents as bargaining chips for cross-licensing negotiations or as a strategic threat against competitors, as it appears to be the case in the semiconductor industry (Hall and Ham 2001) . To test our hypotheses, we would also like to identify in our data various sub-groups of patents that are subject to different levels of technological and market uncertainty. This is the rationale for including biotechnological patents in our analysis. Again, patenting is important in this sector, and alternative means of generating returns to R&D (such as secrecy) are typically not available. Predictions (1) and (2) suggest that rates of opposition will be particularly high for technical fields in which asymmetric information and diverging expectations are pronounced. Increasing uncertainty would therefore be associated with higher rates of opposition against patent grants. This is likely to be the case for relatively new technical areas, such as special areas of biotechnology in which applicants seek patent protection for new microorganisms, enzymes and recombinant DNA processes. Below, we use four-digit IPC classifications to test this hypothesis. The reference group for our tests are patents whose main IPC classification is C12M. We expect that there is comparatively little uncertainty in this field, since it involves the patenting of machinery and process equipment. The working principles of the equipment are well-known. Other IPC fields taken into account are C12N (microorganisms or enzymes), C12P (fermentation or enzyme-using processes), and classical pharmaceuticals (A61K, without cosmetics) for which we expect higher opposition rates than for the reference group, ceteris paribus.
Other features of the EPO research and examination system allow us to capture situations of asymmetrically distributed information. Recall that the process of communication between patent applicant and patent examiner is a kind of negotiation. By and large, we would expect the patentholder to be well-informed about this process while the potential opponent has no direct knowledge of the information exchanged. This is particularly relevant when novelty and inventive step of the patented invention are assessed in comparison to the state of the art. As described in section 2.3 of the paper, the patent examiner receives a research report from EPO office staff at the The Hague office in which the research branch of the EPO has collected prior art and has labelled these references -X-labeled references indicate prior art that is a potential threat to the novelty claims of the patent. The research report is published at some point by the EPO -we therefore assume that similar information will be available to the potential opponent, but that the result of the communication process will only be known to the patent applicant and the examiner. Thus, to the extent that the discussion resolves disputes between examiner and patent applicant, the opponent will find herself disadvantaged with respect to the information she has about the examination and granting process. While this is generally the case, we consider patents with a large number of Xlabelled references to be particularly exposed to informational asymmetries. 29 Uncertainty (and possibly asymmetric information) may also arise as a function of the patent's complexity which is mirrored by the number of claims included in the patent. We include the number of claims following Lanjouw and Schankerman (2001) who argue that as the number of claims increases, a legal attack singeling out some of these claims is getting more likely.
Prediction (3) states that the likelihood of opposition will increase with the value of the patents in dispute. We do not have estimates of the monetary value of the patents considered here. But from earlier studies we know that there is a strong relationship between patent value and the number of citations that a patent receives from subsequent patents. 30 Furthermore, an additional indicator of patent value is the size of the patent family, i.e., the number of jurisdictions in which patent protection has been granted for the invention. We use the number of designated states for which the applicant obtains patent protection once the European patent becomes a bundle of national patent rights as an additional proxy for patent value. In addition, we include a dummy variable for patent applications that were designated as PCT (Patent Cooperation Treaty) applications, i.e. cases in which the patent applicant reveals his preference for broad international patent protection, going typically even beyond the designated EPC countries.
Citation measures provide additional variables that are indicative of the patent's value. The number of references to prior patents 31 and to the nonpatent literature 32 have also been found to be positively related to patent value. These measures have also been constructed for the present dataset, but their sign is not unambiguous. For example, references to prior art described in the scientific literature may be correlated positively with patent value, but may also strenghten the 29 An alternative interpretation of this variable is that it does indeed indicate patents for which opposition will be more successful. Note that in equation (4) the likelihood of observing opposition is increasing the success probability, while the reverse holds for equations (7). We cannot measure the correlation between the incidence of X-labeled references and outcomes, but intend to do so in the future. 30 See, e.g., Trajtenberg (1990) , Harhoff, Narin, Scherer, and Vopel (1998), and Vopel (2003) . 31 See Reitzig (2002) for a survey. The relationship between "backward citations" (both to the patent and the non-patent literature) and patent value is documented for German patents by Harhoff, Scherer and Vopel (2003) . 32 See Meyer (1999) for a survey. patent against legal attacks such as opposition. In our empirical estimates both effects may be present, and on theoretical grounds alone it is not clear which effect will dominate. Prediction (4) cannot be tested using our data, since we do not observe the costs of opposition or settlement. Nor do we have proxy variables at hand which we can utilize to this purpose. But we hypothesize that patent holders with relatively large portfolios will be able to offer settlement offers to attackers more easily than other patent holders, e.g., via cross-licensing contracts. The value of such agreements should be particularly high in technical fields that are not "densely populated" by patents. One can argue alternatively that in industries with substantial licensing, an attack on a patent holder with a large portfolio may trigger a non-cooperative response. Large patent portfolios may therefore allow the patent holder to retaliate in some fashion against the attacker. We would therefore expect a negative effect of patent portfolio size on the incidence of opposition. Again, if there are a large number of patents in a technical field in any case, then bilateral implicit collusion may not be valuable. The effect of a large portfolio is therefore likely to diminish as the total number of patents in a field increases.
Finally, we include a large number of control variables in our probability model. These do not have a clear interpretation, but are likely to control for additional sources of variation. First, we introduce dummy variables for the most important owner nations. Differences associated with the nationality of the owner may be correlated with variations in the average quality of patent applications filed with the EPO. To give a simple example: a Japanese firm which has already received several patents for its domestic market will not necessarily patent all of its domestically protected inventions in Europe, since the additional costs will induce a selection of particularly valuable patents.
33 Hence, we expect that the quality (and value) of patents owned by European patent owners will on average be lower than the quality of Japanese and US patents filed in Europe.
4 Data Issues
Data Sources
We use three different data sources for our study. The ELPAC data base contains information on Of these, 1,158 patent grants (8.6 percent) were opposed.
Variables
In the following sections, we briefly describe the variables computed from our three data sources.
Opposition. We create a binary variable to distinguish between patents that were opposed from those that were not opposed. This variable reflects the endogenous outcome we want to model.
Number of designated states. Putnam (1991) and other authors have argued that information on family size (the number of jurisdictions in which patent protection is sought) may be particularly well suited as an indicator of the value of patent rights. Studies by Putnam (1996) and Lanjouw et al. (1998) have shown that the size of a patent family and the survival span of patents are highly correlated. While we do not observe the global size of the patent family in our data, we can construct variables for the designation of the patent in the different member states of the European Patent Convention. In essence, this reflects the European family size. Given the fee schedule of the EPO, it is clear that firms seeking to designate the patent right for a large number of EPC member countries face a considerable increase in total patenting expenses. However, there are some economies of scale in that some types of fees (e.g., for translation) are fixed. In our multivariate analysis, we therefore use the logarithmic transformation of the number of designated states to reflect the declining marginal cost of patenting in another EPC country. We expect the likelihood of an opposition to rise with the number of designated states.
Number of international patent classification (IPC) assignments. During the EPO research and
examination process, patents are assigned up to 9-digit categories of the IPC system. Patented 34 In the earlier dicussion paper version (Harhoff and Reitzig 2002) , we used citation and reference counts derived from European search reports as summarized in REFI. Citations made by the EPO in its function as the World Intellectual Property's (WIPO) international search authority (ISA) were not included in those counts. The use of the information from epoline.org corrects the earlier weakness of our database. There are no major changes in our results, but the coefficient estimates we obtain using the complete citation data are generally more precise. 35 We have included patents with primary IPC classification C07G, C12M, C12N, C12P, C12Q, C12R, C12S. The latter two IPC classes contained only 4 patents and were subsumed under C12Q. The pharmaceuticals patents come from IPC A61K, but we exclude the subclass A61K7 (cosmetics).
inventions may belong to diverse technological fields, i.e. they may be assigned different IPC codes. The broader the relevance of the patent, the more potential opponents it may therefore have.
The number of different IPC classifications may therefore be positively correlated with the likelihood of opposition. This argument was put forth by Lerner (1994) who suggests that broader patents are more valuable ones, and that patent scope can be operationlized via the number of (nonidentical) IPC classifications. An opposing argument would suggest that the likelihood of opposition should decrease with an increasing number of different IPC codes, since the invention is more general and therefore has less immediate relevance for market outcomes.
Grant lag. While some of the above variables capture aspects of the complexity of a patent, we also include the lag between application and grant decision as an additional overall measure of complexity. As we noted before, the interaction between patent applicants and patent examiners is a kind of negotiation process. The duration of this process will, among other things, be driven by the inherent complexity of the subject matter. On average, the grant period takes 4.88 years for patents in our sample, but displays considerable dispersion. With increasing complexity (and thus longer grant lags), we would again expect that asymmetric information and diverging expectations may play an ever more important role. We therefore expect to see a positive partial correlation between the likelihood of opposition and the grant lag.
PCT application. Patent applicants who designate their EPO application as a PCT application
signal that they are interested in patent protection extending beyond the EPC member states. Thus, this type of application signals the intention to commercialize the protected invention in a large number of national markets. However, a PCT application also allows applicants to postpone decisions regarding the scope of international protection for up to 30 months.
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Number of claims. We view the number of claims as a potential determinant of oppositions, since the complexity of patents and the likelihood of legal disputes is going to increase as the number of claims goes up. Lanjouw and Schankerman (2001) interpret the number of claims as a value correlate. While this view may be correct, it is hard to disentangle it from the argument that more complex (but not necessarily more valuable) patent rights simply create divergent expectations and/or asymmetric information and thus invite stronger opposition. Therefore, the inclusion of this variable can be interpreted as testing either hypothesis 3 or hypothesis 2 as listed above. 37 To account for the skew distribution of claims, we introduce this variable in logarithms into the probit equation.
Citations received from subsequent patents (forward citations). If a patent receives citations
from other future patents, this is an indication that it has contributed to the state of the art. Earlier 36 See Reitzig (2002 Reitzig ( , 2003 for a more detailed explanation of this indicator 37 Again, we use a logarithmic transformation here, since the number of claims ranges between 1 and 274.
studies have shown that forward citations are positively correlated with the monetary value of the patent (Harhoff, Scherer and Vopel 1999; Lanjouw and Schankerman 1999; Trajtenberg 1990 ). In our paper, forward citations are computed within the EPO system only, i.e. we only identify how many future citations a patent received from subsequent European patents. We count the number of references to the patent under consideration in patents filed within four years of the filing date of the original patent. We expect the likelihood of opposition to increase with the number of citations received by subsequent patents. Since the distribution of citations is quite skew, we use a logarithmic transformation, as with the claims variable.
References to patents (backward citations).
The search report of the EPO yields information on the state of the art relevant for the patentability of the application. State of the art is mostly described by patent or nonpatent literature. Relevant references are cited by the examiners during the examination of the patent application. Furthermore, the cited references are pre-classified by the EPO office in The Hague which composes the search report prior to examination (see section 2.2). These classifications are employed in this study as indicators of the extent of asymmetric information between patent holder and examiner. In particular, a large number of X-type references should go along with significant informational advantages on the side of the patent holder.
For our analysis we construct several backward citation variables. First, we count the overall number of backward citations listed in the search report. We expect this variable to be positively correlated with the likelihood of an opposition, since it captures the extent of patenting activity in a certain technical field and hence the potential profitability of inventions falling into that domain. In our initial specifications we transform the simple count variable by taking the logarithm of one plus the count variable. 38 The informational content of this backward citation variable may be driven in part (or completely) by the type of reference, rather than the total number of references.
The classification of patent references into the A, X, Y groups and a residual category without detailed assignment allows us to include the counts of each of these types of references. Again, we use a logarithmic transformation of the linear count variables. We expect that as the number of referenced X and Y documents increases, a patent will face a higher likelihood of opposition because of the impact of these classifications on asymmetric information and diverging expectations.
References to the nonpatent literature. Patents may be based in part or fully on new scientific knowledge. 39 Since published research results can be used to document the state of the art against which the application has to be evaluated, patent examiners will then search for relevant references in the scientific literature. As in the case of references to the patent literature, a relatively high 38 We test this functional form assumption below against a linear (non-logarithmic) version. 39 The growing importance of the linkage between private patenting activities and scientific knowledge has been documented by Narin, Hamilton, and Olivastro (1997) .
number of references to the scientific literature may therefore indicate patents of relatively high value. For patents in the chemicals and pharmaceuticals industries, this hypothesis was confirmed by Harhoff, Scherer and Vopel (1993) , using actual estimates of the monetary value of German patent rights which were regressed on patent value indicators. Following our main hypothesis, patents with a large number of references to the nonpatent literature should therefore face a higher likelihood of opposition.
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Size of applicant's patent portfolio. We construct a further variable that counts the cumulative number of previous EPO patent grants the applicant has already received. As the patent portfolio of the patent holder increases, the rate of opposition is likely to decrease for a number of reasons. Interaction between crowdedness and portfolio size. The value of having a large portfolio of patents may be particularly great in crowded technical fields. We therefore introduce the interaction term as an additional exogenous variable.
Ownership. An invention can only be made by individuals. The applicant (and later on patentholder) may be either an individual, a firm or a group of individuals and firms. We construct a variable for the type of ownership (corporate or individual) for each patent by comparing the inventor's and the applicant's name. The patent is assigned individual ownership if the inventor's name and the applicant's name are the same. We also create binary variables for owners from the U.S., Germany, Japan, France, Great Britain, Switzerland and a residual group of all remaining countries. 40 Measures of this type have been discussed and analyzed by Schmoch (1993) and Meyer (1999) .
Empirical Specification and Estimation Results
Descriptive Statistics
Our empirical analysis is based on data covering all European patents in the biotechnology and pharmaceuticals industry with application years from 1978 to 1996. The data include information on the filing date, the date of opposition, the number of designated states, the IPC codes assigned, the nationality of the patent owner and the type of ownership; furthermore they comprise forward and backward citations and references to the nonpatent literature for each European patent. The complete data set contains 13,389 European patents and 1,158 opposition cases (8.64 %). We can describe the outcomes of these cases only broadly, since we do not have final outcome data (after possible appeals) for 231 cases (20.0 percent of the 1,158 opposition cases). The patent was revoked in 30.5 percent and amended in 40.6 percent of the remaining cases. The opposition was rejected in 18.3 percent of the cases for which we have information on final outcomes. In 10.5 percent of the cases, the opposition procedure was closed, either because the opponent withdrew the case and the EPO did not pursue it on its own behalf, or because the patent holder decided to let the patent lapse. These statistics support our view that opposition is an important post-grant correction mechanism that deserves further study.
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Summary statistics for these patents in our sample are given in Table 1 Tables 2 to 5 display the relationships between the incidence of opposition and four of the exogenous variables, i.e., forward citations, backward citations, references to the nonpatent literature, and the number of designated EPC states. In these tables we present data on the 41 The distribution of outcomes has been quite stable from 1986 to 1995. Prior to 1986, there are not enough cases for a study of time trends. When we pool opposition cases from grant years 1986/87, 1988/89, 1990/91, 1992/93 and 1993/94 , we cannot reject the hypothesis that the distribution of outcomes has not changed over these two-years intervals at the 10 percent level (χ 2 =23.3, df=15, p=0.108 distribution of the exogenous variables as well as data on the bivariate relationship between these variables and the incidence of opposition. We present these statistics for the total number of patents in the sample, and separately for three national groups of patent owners, the U.S., Japan and the remaining, mostly European countries.
As is evident from Table 2 , forward citations are highly correlated with the likelihood of opposition in the overall sample and in each of the national groups. The rate of opposition increases monotonically with the number of forward citations. The group of patents receiving more than 9 forward citations is in fact attacked in 44.5 percent of all cases, nearly twice as often as the group of patents which is referenced 7 to 9 times. It is also clear from Table 2 that Japanese patents are attacked far less frequently than those of U.S. and other owners, but it is not clear whether this is driven by differences in patent quality (in the sense that Japanese patents are legally "stronger"), or by differences in patent value (in the sense that Japanese patents tend to be more incremental than patents from other owner nations). Table 3 reveals that there is also a significant relationship between backward citations and the incidence of opposition, although the relationship appears to be much weaker than in the case of forward references. This result also holds for the sub-samples of Japanese owned patents and those mainly held by European owners. However, backward citations are not significantly correlated with the likelihood of opposition when restricting the sample to U.S. owners. Table 4 summarizes the relationship between opposition and the number of references to the nonpatent literature. Again, in the overall sample we find a significant relationship (p<0.001), but this correlation is mainly driven by the U.S. sub-sample. References to the nonpatent literature are not significantly associated with the likelihood of opposition for Japanese owned patents and for patents owned by mostly European patent holders. These differences may reflect diverging compositions of the national patent portfolios, e.g. by technical field or other variables that are also related to opposition.
Finally, the results summarized in Table 5 confirm that the likelihood of opposition is correlated positively with the number of designated EPC states in our bivariate analysis. However, the relationship does not appear to be a monotonic one. Obviously, the decision to seek patent protection in a particular country may also be driven by variables that we have considered before, e.g., the patent's anticipated legal strength. It will therefore be important to study the effects of all variables described before in a multivariate analysis.
In Table 6 , we provide an overall view of the bivariate relationships between the metric variables used in the following multivariate analysis. Most of the (absolute) bivariate correlation coefficients are below 0.2. However, a few relationships are stronger (|ρ|>0.2) and deserve attention. The logarithm of the number of claims and the number of non-identical IPC classifications have a
Pearson product-moment correlation of 0.217. There is also a positive relationship between the grant lag and the claims variable (ρ=0.224), presumably because complex patents (with a large number of claims) take longer to examine. The correlation between the claims and the citations measures is positive (ρ=0.254); moreover, the higher the number of (forward) citations, the longer are the respective grant lags (ρ=0.202). Grant lags and the number of nonpatent references are also positively correlated (ρ=0.221) while there is no such relationship between grant lags and patent references. Patent examiners may find it easier to assess the relevance of prior art contained in patent references than in nonpatent sources. Technical areas in which firms typically designate a large number of EPC states for patent protection tend to be "crowded" (ρ=0.321), i.e. there is a large number of patent applications seeking to establish intellectual property rights in these fields.
Multivariate Specifications and Results
We now discuss the results from our multivariate probit specifications, which are summarized in Table 7 . In order to explore the robustness of our results, we start in column (1) with a specification that contains basic variables such as the log-number of designated countries, the number of non-identical IPC classifications, the grant lag, a PCT application dummy and the lognumber of claims. We then add various other variables, such as the number of forward and backward citations (column (2)), variables characterizing the crowdedness of technical subfields and their interaction with the applicants' portfolios (column (3)) and finally technical subfield and type of owner dummy variables (column (4)). In column (5) we explore in some detail the impact of the various types of references to the patent literature. We substitute for the aggregate variable four variables which are computed from the number of A-, X-, Y-and other references. In columns
(1) to (5), we report the probit coefficients and their respective standard errors. In column (6) we compute the marginal effects of the independent variables at the sample mean based on the coefficients displayed in column (5).
With very few exceptions 42 , our probit results do not change much as we add additional variables.
We therefore turn directly to columns (4) and (5) for our discussion, and we refer to the marginal effects and their standard errors displayed in column (6) when we discuss the impact of the 42 In column (2), the coefficient of ln(total number of claims) is much smaller than in column (1) due to the fact that citations cause a missing variables problem in (1). The coefficient of the scope variable introduced by Lerner (1994) -initially insignificant -becomes significantly negative as we incorporate citation and other exogenous variables. Going from column (3) to column (4), the coefficient of the crowdedness variable (the cumulative, i.e., time-variant number of patent applications in a subfield) becomes insignificant as we introduce dummy variables for technical subfields. This is due to the dominance of cross-sectional variation in the crowdedness variable. Finally, the PCT variable is no longer statistically significant one we add citation variables in column (2) that include those citations that are made by the EPO in its function as the World Intellectual Property's (WIPO) international search authority (see also footnote 34). In the other cases, the coefficients and their standard errors remain stable as we add additional variables.
exogenous variables on the likelihood of opposition. In column (5), we also document heteroskedasticity-robust estimates of the standard errors in brackets. However, since these are (as in the other specifications) very close to the standard errors from the classical probit estimates, we do not discuss them in detail. They simply serve to demonstrate that the inference results we are discussing are robust to this potential source of misspecification. The standard errors reported for the marginal effects are derived from the standard variance-covariance matrix of the probit estimator.
The estimated coefficients for our primary set of variables introduced in column (1) to rise, we interpret this result as support for our third hypothesis. Adding 1.5 years (one standard deviation) to the grant lag is associated with a significant increase in the opposition frequency of 1.1 percentage points, consistent with our notion that complex patents are likely to take more time to be examined, and that the opponent is subject to an informational disadvantage with respect to such patents. Contrary to our expectations, patents granted as Euro-PCT applications do not face a significantly higher likelihood of opposition than non-PCT applications. An increase in the total number of claims from the sample mean of 13.8 to 25 claims (again a shift of about one standard deviation) is accompanied by an increase in the rate of opposition of 1.0 percentage points. As we noted before, an increase in the number of claims adds to the complexity of patents and may lead opponent and patent holder to have either divergent views or asymmetric information in assessing the outcome of the opposition case.
The scope variable introduced by Lerner (1994) does not appear to be an indicator of value -its coefficient is not positive as the original interpretation would suggest, but significantly less than zero. Moreover, its marginal effect (a reduction in opposition frequency 0.4 percentage points for an increase by one standard deviation) is quite small. These results resemble those obtained in a study of U.S. patent litigation by Lanjouw and Schankerman (2001) , but are in contrast with Lerner's (1994) study which reports a positive correlation between scope and the market value of the biotechnology firms owning the respective patents.
The number of citations received from subsequent EPO patent applications (in logarithms) proves to be a very important predictor of opposition. Recall that the average number of citations is 1.32, and that only 54.7 percent of all patents receive any citations (see Table 2 ). The first citation is associated with an increase of the likelihood of opposition by 3.4 percentage points, (estimated with a standard error of about 0.3 percentage points), the first five citations with an increase of 8.8
percentage points. The coefficient of references to the nonpatent literature is not significant and very close to zero in all specifications. This is somewhat surprising since Harhoff, Scherer and Vopel (2003) detect clear evidence for German patents that a strong correlation exists between these references and patent value. A possible explanation of our results in Table 7 would be that the increase in value documented by a large number of nonpatent literature references is accompanied by an increase in the legal "robustness" of the patent right. While increased value may help to make opposition look attractive to competitors, the links to scientific results may reduce the chances of a successful outcome of the challenge. We will investigate this explanation in future work.
However, the number of references to the patent literature is informative about the likelihood of opposition -the respective coefficient is positive, but -looking at column (4) -only about one fifth of the size of the forward citations coefficient. The effect of this measure is almost exclusively driven by one component -the number of X-type references. Once we decompose the overall number of patent references into its four subgroups in column (5), it becomes clear that increasing the number of X-type references is associated with a significant increase in the opposition rate: for the first X-type reference by 1.2 percentage points, and for an increase from 0 to 5 such references by 3.0 percentage points. Since we are controlling for the patent's value in our probit specifications, this effect appears to be due to the opponent's increased difficulty in interpreting the information in the search report and patent correctly. As the patent applicant has an advantage here, the opponent is likely to face less precise information, or the existence of X-type references favors the emergence of diverging expectations regarding the outcome of the opposition case. Our results demonstrate that the WIPO classification of cited documents in the research report could become an interesting variable for empirical researchers interested in modelling litigation or the value of patent rights. To the best of our knowledge, this information has not been used before.
We have argued that interactions between patent holders in "crowded" fields with a large cumulative number of patents should lead to an increase in the rate of opposition, since competitors are more likely to pursue similar research paths. At the same time, opposition by competitors is likely to be a function of the patent holder's portfolio. We model these effects by including a measure for "crowdedness", a measure for the size of the patent portfolio of the firm holding the opposed patent, and the interaction term. "Crowdedness" has the anticipated positive marginal effect on opposition (see column (6)), but it is quite small and only works through the interaction term. 43 For firms with the average number of patents (29.9 patents), an increase in the number of patents in the technical field by 1,000 patents raises the likelihood of opposition by 0.11 percentage points. For firms with exceptionally strong patent portfolios (e.g., 300 patents), the effect is on the order of 1.2 percentage points. The effect of the firm's own portfolio is much larger. Adding 100 patents to the average portfolio of 29.9 patents in a technical field with about 2,500 patents reduces the rate of opposition by 1.8 percentage points. Again, the effect is highly significant. This effect is even stronger in less densely populated areas due to the positive interaction of crowdedness and 43 See Bernhardt and Jung (1979) for a discussion of how to compute effect sizes from interaction terms in in a regression framework..
portfolio effects -in a technical field with 1,000 patents the marginal effect from an addition of 100 patents to the average portfolio is a reduction of the opposition rate by 2.3 percentage points.
These results parallel the evidence in Lanjouw and Schankerman (2001) who find in their study of U.S. patent litigation cases that litigation is more likely to occur whenever patents appear to form the basis of a sequence of technologically linked inventions.
We hypothesized that patents in fields with higher economic, legal or technical uncertainty and subsequently higher asymmetry of information should attract opposition more frequently than areas with little uncertainty. These expectations are confirmed in our estimates. The joint test for significance of those variables characterizing the IPC classification of the patent yield a strong result (χ 2 =25.2, df=5) -clearly, there are important differences across these groups. Taking the group C12M (apparatus for enzymology or microbiology) as our reference case, we would expect all other IPC groups included in our study (see Table 2 for a description) to display higher opposition rates. The C12M classification refers to patented machinery which may be much closer in terms of the patented inventions to mechanical engineering fields than to recombinant DNA biotechnology. Our estimates show that the strongest increment in opposition rates occurs in the IPC fields C12N (microorganisms or enzymes -8.4 percentage points, S.E. 2.8) and C12P
(fermentation or enzyme-using processes -8.4 percentage points, S.E. 3.2). Classical pharmaceuticals (A61K, without cosmetics) face an opposition rate that is only 6.5 percentage points (S.E. 1.9) higher than patents in the reference group. The dummy variables for the other two IPC classes (C12Q and C07G) carry positive coefficients which are statistically insignificant. Note that these two groups are quite small (see Table 1 ) so that the lack of precision in the estimated coefficients is not entirely surprising. In total, the estimated dummy coefficients conform quite well to our theoretical expectations.
Finally, we do not find robust evidence that patents held by individual inventors are more likely to be challenged, ceteris paribus. This would be the case if financially strong corporations try to attack independent inventors in order to prevent them from commercializing their intellectual property. But the estimated coefficient is negative in column (5) and insignificant. This result can be maintained even when the crowdedness and portfolio size variables are excluded from our specification. In this case (as in the results in column 6), the marginal effect associated with the dummy variable inventor applicant amounts to -1.3 percentage point, and again it is not significant (S.E 0.8). It is important to note that even in this specification there is no indication that individual inventors (irrespective of the size of their patent portfolio) are more likely to face opposition than corporate entities.
The coefficients for the nationality of the owner do not display a clear pattern, but they are highly significant (χ 2 = 47.3, df=7). Taking German applicants as the reference group, applicants from the Great Britain, Switzerland and a residual group of smaller countries do not face incrementally different opposition rates. Japanese owners have a significantly lower rate of opposition (by 3.8 percentage points, S.E. 0.9), and US and French owners face somewhat lower opposition rate (by 1.7 (S.E. 0.6) and 1.9 (S.E. 0.8) percentage points). The first result is consistent with earlier evidence in Harhoff, Scherer and Vopel (2003) who point out that Japanese-owned German patents with priority year 1977 were less likely to be opposed at the German Patent Office in an institutional setting very similar to that at the EPO. Presumably, this reflects the high quality of the patent specifications. But in general, it is difficult to interpret the inventor country coefficients clearly. On the one hand, patents of foreign applicants not coming from EPC countries are likely to face higher costs for obtaining intellectual property than applicants in EPC countries. Hence, the patent rights pursued at the EPO would on average be of higher value, leading us to expect a positive coefficient. On the other hand, these applicants may also have higher costs in pursuing opposition proceedings, thus increasing the chance of an ex ante settlement with the opponent. The overall effect would be ambiguous, and absent more precise cost data, we cannot empirically separate the overlapping effects.
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We finally report briefly on further specification tests we undertook. 45 We estimated the specification in column (5) for a sample of patent holders with a patent stock of at least nine patents in order to test the robustness of our results. For this subsample of patent applicants with relatively stable patenting activity, we found very similar results in which the significance levels were maintained for all but one of the variables -the coefficient of the "applicant inventor"
dummy is close to zero and insignificant. This is due to the fact that there are only very few independent inventors with more than nine patent grants. Since we rely on particular functional
form assumptions, we also tested if the use of logarithmic transformations for the number of designated countries, citations and claims variables is justified on statistical grounds. Reestimating column (5) with all of these variables in linear form actually yields a somewhat weaker result than shown in Table 7 , with a log-likelihood of -3,590.9 and a pseudo-R-squared of 0.088. Using both linear and logarithmic terms in the nested probit function also yields results in favor of the logarithmic specifications. 46 The marginal effects reported in the paper are only weakly affected by the choice of functional form, and we maintain the results as shown in columns (5) and (6) as our preferred specification. 44 All specifications in Table 7 include dummy variables for grant years. Jointly, the coefficients of these are highly significant (χ 2 =84.4, df=15 in column 5). The estimated grant year coefficients are available on the journal's web pages. 45 These estimation results are again available on the journal's web pages. 46 For example, including the number of A, X, Y and other backward citations both in linear and logarithmic form yields a test statistic of χ 2 = 11.06 (df=4, p=0.026) for the logarithmic and χ 2 = 4.44 (df=4, p=0.350) for the linear terms. Not surprisingly, the linear and logarithmic terms are highly collinear; thus the significance levels of each group is reduced by the presence of the other set of regressors.
Conclusions and Further Research
This paper has presented an empirical analysis of the opposition procedure at the European Patent Office in the technical fields of biotechnology and pharmaceuticals. To the best of our knowledge, this is the first econometric study of its kind. The previous lack of interest cannot be attributed to the fact that the topic is unimportant -from 1995 to 1999 the EPO granted a total of 235,396 patents, and 14,087 of these patents (5.98%) were opposed. We emphasized that it is important to characterize the function of this mechanism: opposition may serve a valuable function in weeding out weak patents or in resolving legal uncertainty with regard to particularly valuable inventions.
We developed a highly stylized theoretical model in section 3 of this paper. From our model and the literature we developed four hypotheses which focused on the value of the patent right, the degree of uncertainty and asymmetric information surrounding the patent, the impact of diverging expectations and the implications of cost differentials for opposition and settlement. Empirically, we find that correlates of patent value such as received citations and the number of countries for which the EPO patent is designated are relevant predictors of the likelihood of opposition.
Moreover, uncertainty and asymmetric information appear to play a role as suggested by theoretical models of case selection for trial: in certain new technical areas as delineated by the IPC classification, the likelihood of opposition is considerably larger than in more mundane areas.
Patents which are presumably characterized by intensive discussions between examiners and applicants (e.g., patents with a large number of claims and a high number of X-type references to the patent literature as well as patent with long grant lags) also face a much higher risk of opposition -we attribute this to the pronounced informational asymmetries facing the opponents of these patents or to the divergence of expectations emerging in this complex informational setup.
While the overall results are encouraging, we need to acknowledge that the current study has a number of shortcomings. First, due to data constraints we cannot test a structural model, but are confined to testing hypotheses in a reduced-form equation. Moreover, and again due to data constraints, it is not feasible to separate clearly between all of our hypotheses. To do so, we would need data on the cost structure of opponents and patent holders which is not available at this stage.
A third limitation is that we do not consider the overall chain of challenges that are conceivablesince there is (to the best of our knowledge) no dataset that covers both opposition and litigation stages in the battle for intellectual property. While the latter problem is serious, we nonetheless think that analyzing a legal institution that concerns roughly ten times as many cases as litigation does has some merit and is informative. But it needs to be acknowledged that there is room for improving these estimates as new data sources are becoming available.
This study is therefore a first analysis of an important institution, and more structured attempts, both for particular technical fields and the population of patents, should follow. Moreover, it will be important to study the duration of the opposition process -if the process is used strategically by some opponents to create legal uncertainty about the status of a patent right, we should be able to detect a pattern in which these cases take longer to be resolved, even after accounting for observable differences in the potential value of the patent rights. The question of who opposes whom is of similar interest -again, a pattern of frequent attacks of small or young firms by established players would be a worrisome result. If cases are indeed selected strategically, we may be able to find an analogue of Lerner's (1998) observation that "patenting in the shadow of infringement" leads start-up firms in the biotechnology sector to patent in niches in which a legal conflict with large players is unlikely to occur. Currently, the results from this study do not support this view, since we find that individual patent holders (inventor applicants) are not more likely than corporations with respect to their opposition incidence.
Finally, we should also emphasize that the opposition procedure is not used only by competitors of patent applicants. In particular in the field of biotechnology, a large number of public interest groups and non-governmental organizations is trying to influence European patenting practice by filing opposition cases against certain patents. It should be interesting to study the political economy of this process as well as the detailed structure of the institution in further work. 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 
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Note:
Opposition frequency is computed as the number of patents opposed divided by the number of all patents granted in a given year. The first EPO patents were issued in 1980. Source: European Patent Office Annual Report 1999, The χ 2 statistic (and p-value) refer to a Pearson test of the hypothesis that there is no relationship between the number of references to the nonpatent literature and the incidence of opposition within the indicated group of patents. Note: N=13,389 -* significant at 5%; ** significant at 1%. All specifications include additional dummy variables for grant years. Heteroskedasticity-robust standard errors are printed in brackets in column (5).
